Aims and Objectives: The aim of this study is to develop and test the psychometric properties of the Chinese Health Literacy Scale for Diabetes (CHLSD).
Introduction
In the field of nursing and health care, there is an increasing emphasis on health literacy, which is defined as an individual's ability "to access, understand, evaluate and communicate information as a way to promote, maintain and improve health in a variety of settings across the life-course" (Rootman & Gordon-El-Bihbety 2008, p. 11) . Health literacy is different from general literacy, which is usually developed through formal education and describes how individuals communicate through particular language and mathematic calculation. Individuals with adequate literacy or those who are highly educated may not necessarily be able to interpret health information and make appropriate health-related decisions with the available health Adults with inadequate or marginal health literacy have difficulty understanding the health care information they receive and eventually may have difficulty following physician prescriptions and implementing self-care (McMurray et al. 2007 , Cho et al. 2008 , Cutilli & Schaefer 2011 . Evidence has shown that inadequate health literacy is associated with negative health outcomes such as poor physical and mental health (Wolf et al. 2005 ), higher hospitalization rates , less use of flu vaccination , Miller 2004 ), physical inactivity, lower subjective health, higher levels of pain (Kim 2009), and even higher mortality (Sudore et al. 2006 , Baker et al. 2007 ).
Among diabetic patients, there is a significant negative correlation between health literacy and the glycemic control (HbA1c) (r = -.32, p < .001) (Tang et al. 2008) . Health literacy is one of the significant predictors of HbA1c reduction: If a patient's health literacy score increases by one unit, a 0.12 unit reduction in the patient's HbA1c level is expected (Tang et al. 2008) . A similar pattern was observed by Schillinger et al. (2002) ; patients with inadequate health literacy were more likely than their counterparts to report retinopathy. When individuals with inadequate health literacy receive health care, they are more likely to have difficulty reading prescription bottles and appointment slips, following self-care instructions such as blood glucose monitoring, and understanding the information in health education brochures. Therefore, it is important for health professionals to identify individuals with inadequate health literacy and provide special instructions to help them better manage their chronic diabetes (Tang et al. 2008) .
Patients' health literacy cannot be judged from appearance or impression (Nath et al. 2001 ). On many occasions, patients with health literacy problems feel embarrassed and do not express their confusion to health care providers, friends, or even close relatives. Little is known about the prevalence of health literacy inadequacy in the Chinese population or any relevant actions taken to assist Chinese individuals with inadequate health literacy in chronic care.
Overview of Existing Health Literacy Measurement Instruments
A recent critical appraisal of health literacy instruments (Jordan et al. 2011) evaluated 19 instruments and determined that none appeared to fully measure the ability of an individual to seek, understand, and use health information. Additionally, the content of these instruments mostly focused on reading comprehension and numeracy. The most commonly used instruments for assessing health literacy among adults in English-speaking populations are the Test of Functional Health Literary in Adults (TOFHLA) and the Rapid Estimate of Adult Literacy in Medicine. Unfortunately, they are not designed specifically for diabetic patients, who frequently need to understand diabetes-related concepts (such as hypoglycemia) or indicators (such as blood glucose levels). A Chinese version of TOFHLA was developed, but this scale does not reflect the essential communication and health decision-making skills required by diabetic patients.
Currently, the only available instrument that is specifically designed for diabetes is the 60-item Literacy Assessment for Diabetes (Nath et al. 2001) . Patients are asked to read words related to diabetes care, allowing the assessor to check their ability to read the words correctly.
This instrument is limited to measuring the respondents' word recognition, as does not determine whether they understand the meaning of these diabetes-related words and can apply the relevant concepts in daily self-care.
Therefore, there is no specific instrument that measures an individual's ability to recognize diabetes-related words, understand the relevant concepts, and apply these concepts in health decision making. There is also no instrument that can be used in Chinese society for this patient group.
The aim of this study was to develop a diabetes-specific health literacy scale, the Chinese Health Literacy Scale for Diabetes (CHLSD), and test its psychometric properties.
Framework for the Development of CHLSD
The CHLSD was developed with reference to the revised Bloom's Taxonomy model (Anderson & Krathwohl 2001) . Bloom and colleagues (1956) (Feldman-Stewart et al. 2004) . Therefore, this framework was adopted to guide the development of the CHLSD.
Methods

Instrument Development
The CHLSD was designed to measure the health literacy of diabetic patients in terms of decision making on four cognitive levels: remembering, understanding, applying, and analyzing.
In the initial stage, the research team met with one diabetes nurse and one doctor whose main duties were health education and medical consultation for diabetic patients in an attempt to identify some frequent issues in diabetes care. The research team gathered commonly used drug labels, appointment sheets, information sheets, and health educational leaflets from two public primary care clinics for diabetes. More than 160,000 patients received treatment in these public clinics in 2009 (Wong et al. 2012) .
The "remembering" subscale measures an individual's ability to read aloud commonly used terms frequently seen in printed educational leaflets or information sheets in diabetic management. A total of 120 terms were chosen from health educational leaflets and information sheets given to diabetic patients. Five experts (a nurse consultant in diabetes, a health educator, two family physicians, and a social worker) were invited to screen out the most commonly used terms using the Delphi technique (Sinha et al. 2011) . The experts were asked to rate all 120 terms, with 5 being the most relevant to diabetes care and 1 being the least relevant. Terms rated 4 or 5 were included in the second round of rating. The experts then rated the terms again and decided which were used more frequently in their daily practice. They were asked to use the same scale to rate the terms. Following the second round, 84 terms had a score of 4 or 5. In the final round of rating, the experts were encouraged to rate the terms again and were reminded to identify terms that best represent their usual practice in communication with patients. Scores given to each term were summed. The 60 terms with the highest scores were selected for use in the remembering subscale. The elected terms were arranged according to length, with 1-word terms placed first, followed by 2-word, 3-word, 4-word, and 5-word terms. In Chinese, terms with more words are more complex. Complex terms are not usually interpreted by splitting the term into different parts, such as the prefix or suffix in English. In fact, Chinese terms are interpreted by their visual design or the sound produced when reading the words. Participants were asked to read each word aloud to the trained research assistant. Two points were given for each term that was read correctly, one point was given for each term that was read correctly with hesitation, and zero points were given for terms that were not read correctly. Higher scores represented higher cognitive remembering skills.
The other three subscales (understanding, applying, and analyzing) were developed based on situations in day-to-day diabetes care in which patients need to make decisions. These situations included administration of oral drugs (diabetes drugs and antibiotics), insulin injection, blood glucose monitoring, instructions about medical follow-up or preparation for X-ray with contrast, and Social Security regulations. A total of 20 questions were included in these three subscales: 7 questions for understanding, 7 questions for applying, and 6 questions for analyzing. Some questions were composed based on TOFHLA (Parker et al. 1995) but with an emphasis on usual practices in communication in Chinese populations. The draft questions were reviewed and rated by the five experts. They were asked to consider whether the chosen labels and questions represented actual situations encountered by diabetic patients in Hong Kong and whether they were clearly stated (content validity). These labels and questions were subsequently refined and became the subscales of understanding, applying, and "analyzing.
Design and Participants
The study utilized a methodological design with convenience sampling. A total of 137 subjects were recruited from five elderly community centers in Hong Kong from April 2009 to March 2010. Included were Chinese persons with type 2 diabetes mellitus who were aged 65 or older, cognitively intact (scoring 8 or above on the Short Portable Mental Screening Questionnaire), and able to communicate in Cantonese.
Power Calculation
Generally speaking, a Cronbach's alpha of 0.70 or higher indicates a reliable scale.
Assuming the Cronbach's alpha of the proposed scale (CHLSD) was 0.80, the effect size was estimated to be 0.26 (van Zyl et al. 2000) . With this effect size, the alpha level at 0.05, and power at 0.8, the calculated sample size was 109 (Lenth 2006 ). An additional 28 participants were added for an assumed attrition rate of 26%, creating a minimal number of 137 participants.
The above sample size calculation was consistent with the recommendation for validating a 34-item instrument, that is, at least 4 participants per item (Hinkin, 1995). Thus a minimum of 136 (= 4 x 34) participants were needed in the current study.
A total of 194 older adults were approached. After screening tests, 165 were eligible and 152 agreed to participate in the study. The first 15 participants were invited to join the pilot study, which aimed to refine the questionnaire, assess the time needed to complete the CHLSD, and assess the clarity of the draft questionnaire. A total of 137 participants were included in the main study. Using convenience sampling, 30 subjects were invited to complete the questionnaire a second time, 21 days later; only 26 participants agreed to do so (Figure 1 ).
[Please insert Figure 1 about here] Other Measures
We also tested the correlations between CHLSD and four other measures: the 15-item Diabetes Knowledge Scale (DKS) (Chan & Molassiotis 1999) , the 20-item Diabetes Management Self-Efficacy Scale (DMSES-20) (Wu et al. 2008) , the Preschool and Primary Chinese Literacy Scale (PPCLS) (Li 1999) , and the 5-item Chinese Value of Learning Scale (CVLS) (Leung et al. 2006) . The first two measures are validated scales that assess knowledge of diabetes and ability and self-confidence in diabetes management. The latter two measures are related to Chinese cultural characteristics, with PPCLS measuring ability to read and understand Chinese characters up to the junior level in primary school (i.e., grade 4 in the U.S. education system) and CVLS measuring how Chinese adults value learning (i.e., whether they are willing to continue learning as they age).
The DKS was translated into Chinese with good internal consistency (Cronbach's alpha = 0.83) and good test-retest reliability (r = 0.64, p < 0.001) during a period of 3 months in the Chinese population (Lee & Shiu 2004 ).
The DMSES-20 had good internal consistency (Cronbach's alpha = .77-.93) and good test-retest reliability (r =0.86, p < 0.01) during a period of 2 weeks in the Chinese population (Wu et al. 2008) .
PPCLS had good internal consistency (Cronbach's alpha = 0.85) and good test-retest reliability (r = 0.82, p < 0.001) during a period of 2 weeks in the Chinese population (Li 2006 ).
The CVLS was developed and validated among Chinese adults aged 45-64 years in Hong Kong (Leung et al. 2006) . It has excellent internal consistency (Cronbach's alpha = 0.94) and reasonable test-retest reliability (Intraclass correlation = 0.51, p = 0.03) during 1 week (Leung et al. 2006) .
Ethical Considerations
Ethical approval was obtained from the Institutional Review Board (IRB) of the University/Hospital Authority of Hong Kong.
Data Analysis
Several psychometric properties of CHLSD were assessed, including item analysis, construct validity, discriminative ability, test-retest reliability, and correlation with four other relevant measures. Item analysis was performed to screen out items that had low corrected-itemtotal correlation coefficients. Cronbach's alpha was used to assess the internal consistency of each subscale and CHLSD. Items that all subjects answered correctly were dropped. The Cronbach's alpha of each subscale was subsequently recalculated. We observed the alpha if item deleted (AIID) of each item and compared it with the Cronbach's alpha of the subscale. This AIID represented the overall reliability coefficient for internal consistency of the subscale if an individual item was removed from the subscale. If the AIID was greater than the overall alpha of the corresponding subscale, we dropped the item and recalculated the Cronbach's alpha. The procedure was repeated until no item could be dropped (i.e., all AIID values were smaller than the overall alpha of the subscale). Confirmatory factor analysis was conducted to assess the number of subscales in the CHLSD. Pearson correlations were calculated to test the relationships between CHLSD and PCLLS, DKS, DMSS, and CVLS. Pearson correlation was calculated to test the reliability of the scale during a period of 2 weeks (that is, test-retest reliability).
Procedures
Social workers who worked in elderly community centers assisted with subject recruitment by identifying potential participants who were willing to participate in the study.
Potential participants were invited to meet the trained research assistant in at the centers, at which point the assistant explained the purpose and procedures and screened for eligibility.
Those who met all the inclusion criteria were recruited. All participants provided written informed consent.
Pilot study. Before the implementation of the main study, the draft CHLSD was pilottested with three older adults with the same eligibility criteria as those participated in the main study. In the cognitive interviews, these participants were asked to indicate their understanding 
Results
A total of 137 older adults participated in the main study; half were male. The mean age of the participants was 72.3 years (SD = 5.4). About 40% completed primary school (grade 6) and one third of the participants completed secondary school (grade 11). The majority (77%) were living with their family (Table 1) .
[Please insert Table 1 about here]
Construct Validity
There were 80 items total (60 items in the remembering subscale, 7 in the understanding subscale, 7 in the applying subscale, and 6 in the analyzing subscale) in the originally designed CHLSD (Model 1). After eliminating the 12 items that were answered correctly by all subjects in the remembering subscale, the Cronbach's alpha was 0.852 (Model 2). Another 30 items were eliminated and the alpha increased to 0.885; therefore, the final remembering subscale consisted of 18 items (Model 3). In the understanding subscale, no item was dropped and its Cronbach's alpha was 0.667. In the applying and analyzing subscales, two items were eliminated. The
Cronbach's alpha of the applying subscale increased from 0.569 to 0.654 and the alpha of the analyzing subscale increased from 0.640 to 0.717 following these eliminations. The Cronbach's alpha of the final CHLSD scale with 34 items was 0.884 (Table 2) . Confirmatory factor analysis, which was carried out after item elimination, yielded a model with RMSEA = 0.008 and CFI = 0.997, indicating the presence of the four subscales in the CHLSD. Table 3 shows the factor loading of the four subscales of CHLSD.
[Please insert Table 2 and Table 3 
about here]
We assessed the discriminative ability of CHLSD by reviewing its relationship with age and educational level. CHLSD scores were compared among subjects with different educational levels: no education (M = 35.5, SD = 10.8), primary school (M = 42.9, SD = 6.7), secondary school (M = 47.5, SD = 3.8), and graduation from secondary school or above (M = 48.5, SD = 2.8) (F = 18.796, p < 0.001). We also calculated the correlation between CHLSD and age (r = -0.261, p = 0.002).
The remembering subscale was significantly correlated with understanding (r = 0.811, p < 0.001), applying (r = -0.459, p < 0.001), and analyzing (r = 0.320, p < 0.05). Understanding was significantly correlated with applying (r = 0.778, p < 0.001) and analyzing (r = 0.553, p < 0.001), whereas applying was significantly correlated with analyzing (r = 0.387, p < 0.001).
Correlation with Four Relevant Measures
The CHLSD showed significant positive correlation with the DKS (r = 0.398, p < 0.001) and the DMSS (r = 0.257, p < 0.001). It also showed strong correlation with the PPCLS (r = 0.822, p < 0.001) and mild correlation with the CVLS (r = 0.303, p < 0.001) ( Table 4 (Table 4) .
[Please insert Table 4 about here]
Test-Retest Reliability
The test-retest reliability of CHLSD during a 2-week period was good (r = 0.898, p < 0.001). Because only one trained research assistant was involved in data collection, inter-rater reliability was not a concern and not measured.
Discussion and Conclusion
CHLSD is the first health literacy scale developed according to the revised Bloom's Taxonomy model (Anderson & Krathwohl 2001) , a theoretical framework outlining the cognitive process in learning. This model has been adapted and applied to some health literacy studies (e.g., Garde et al. 2007 , Chan & Kaufman 2011 ). This taxonomy model represents not only the complexity of health-related Internet navigation but also day-to-day health communication during medical consultations and self-care. Health literacy is defined as one's ability to access, understand, evaluate, and communicate health information (Rootman & Gordon-El-Bihbety 2008) , and this undoubtedly relates to the cognitive process in which an individual continues to seek health information, tries to understand the information, and eventually applies such information in communication or analyzes the information when making health decisions. Using Bloom's taxonomy to guide the development of health literacy scale provided a deeper understanding of different domains in health literacy. As Jordan et al. (2011) noted, the existing health literacy instruments did not measure and reflect broader constructs such as the capacity to process and retain information and the application of such information to an individual's lifestyle. This newly developed instrument, the CHLSD, fills this gap and provides a reliable measure for health literacy in the Chinese context. The development of the CHLSD addressed the first four levels of cognition as described in Bloom's taxonomy. Not all individuals are able to move on to higher level of cognition, i.e., evaluating and creating. The evaluating process refers to making judgments based on criteria and standards, whereas creating refers to putting all essential elements together to form a new pattern or structure (Anderson & Krathwohl 2001 , Chan & Kaufman 2011 . It was believed that trained professionals were more capable of evaluating and creating than laymen because professionals had a stronger understanding of standards and were in a better position to create new structures or patterns.
The findings of this study provided support for the reliability and validity of the CHLSD.
The test-retest reliability coefficient of the CHLSD supported its good reliability. Content validity was established by the expert panel, whose members agreed that the CHLSD reflected the usual phenomenon in clinical practices and commonly used terms in diabetes care. All participants noted the understandability of the scale and agreed the CHLSD was of acceptable face validity. Item analyses and confirmatory factor analysis showed that CHLSD is a multidimensional, four-factor scale with 34 items. The internal consistency of the CHLSD and its subscales was good, as their coefficient alphas were all in the recommended acceptable range (Hays & Revicki 2005 , Jordan et al. 2011 ).
On the other hand, CHLSD and its subscales had positive correlations with the PCLLS, indicating the latter scale is an acceptable measure for assessing the ability of adults to read and use Chinese words at the primary 3 level in the Hong Kong education system (i.e, grade 4 in the U.S. system). The words included in the CHLSD are commonly used terms in diabetes care or clinical communications. Thus, having the basic literacy in the Chinese language is essential.
The CHLSD and its subscales were also found to be positively correlated with the Chinese Value of Learning Scale, demonstrating that cultural norm within Chinese society (that is, the philosophy of continuous learning throughout the lifespan) is considered. The concept of lifelong learning is important in chronic illness care management, as diabetic patients continue to encounter challenges in lifestyle modification and drug modification (Williams & Lopez 2005) .
The CHLSD and its subscales were positively correlated with patients' self-efficacy in diabetes management and knowledge of diabetes. Recent studies showed that diabetes knowledge and self-efficacy are related to health literacy (Cavanaugh 2011 , Fransen et al. 2011 This demonstrates that the CHLSD has good correlations with these four diabetes-related and Chinese culture-oriented measures.
Limitations
The current study has five limitations. First, the sample used in the current study was from one region (Hong Kong Special Administrative Region) in China, in which most residents speak Cantonese as their native language. It is important to investigate the psychometric properties of this scale in other Chinese cities and among Putonghua-speaking populations.
Second, some labels and questions used in the subscales are specific to situations in Hong Kong.
Caution should be used when utilizing this scale in other regions. Third, results of confirmatory analysis should be interpreted with caution due to small sample size. Larger samples in future studies are recommended. Fourth, convenience sampling was used in the current study and the results cannot be generalized to the entire Chinese population. Lastly, advanced levels of cognition (that is, evaluating and creating) were not included in this health literacy scale. These two levels of cognition may demand more information, better understanding of the health care context, and detailed observation of the performance of the subjects. Other studies in health literacy scale development may consider the inclusion of these measures.
Relevance to Clinical Practice
Our data provide evidence for the validity and reliability of the CHLSD as a useful and practical tool in diabetes care. Health professionals could use this scale to assess patients' ability to adopt diabetes-related health information in their self-care in a reasonable timeframe (about 17 minutes) prior to health education and/or medical consultation. With a better understanding of their patients' health literacy, health professionals could tailor appropriate interventions to facilitate self-care among diabetic patients. Passed screening test n = 165
Pilot study n = 15
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Refused to participate n = 13
Failed screening test n = 29
Main study n = 137
Completed the questionnaire once n = 111
Completed the questionnaire twice [Test-retest reliability] n = 26 
